This report concerns the differential utilization of the disaccharide maltose and of its constituent monosaccharide glucose by a strain of Neisseria meningitidis. In the presence of maltose the organism produced changes which in the presence of glucose either were not detected or appeared at a greatly reduced rate. For example, it was noted that inorganic phosphate disappeared only with maltose and the decrease of reducing substances, and the production of acid occurred to a greater extent in the presence of maltose than it did with glucose.
tion from the frozen state and was sealed in vacuo in the original all-glass container. The history of this old laboratory culture has been described previously (Scherp and Fitting, 1949) . For an experiment, the contents of such a glass tube were taken up in a small amount of physiological saline and transferred to blood agar plates. No culture was used after more than five daily subcultures. Unless otherwise noted all cultures were incubated in closed containers at 37 C.
In contrast to strain 69, eight other strains had been stored in the desiccated state as soon as possible after their primary isolation from patients having a meningococcal infection, or were laboratory strains of proved virulence for mice. Seven of these cultures were type I and one was type II-alpha. $ Eastman Kodak glutamic acid, practical grade.
Media. The basic culture medium was that described by Frantz (1942) . The composition of the various media used in this study is presented in table 1, from which it can be seen that the differences concerned the chemical purity of L-glutamic acid, the concentration of inorganic phosphate, and the sugar used. The media were prepared in the manner described by Scherp and Fitting (1949) except for media no. 5 and no. 6. Since the latter were used for determining the rate of acid production, phenol red was added as the indicator in a final concentration of 0.0008 per cent. These media were made up without the addition of the sugars or of the magnesium sulfate and were sterilized in the autoclave at 116 C for 10 minutes. A solution containing 25 g of the respective sugar and 3 g of magnesium sulfate per 100 ml was sterilized by filtration and was added aseptically to the rest of the medium in the proportion of 2 per cent by volume. Glucose-l-phosphate was prepared as the dipotassium salt by the method of Sumner and Somers (1944 Carbonyl compounds (referred to as "keto acid") were converted to the hydrazone with 2,4-dinitrophenylhydrazine and compared to a standard solution of lithium pyruvate according to the procedure of Sealock (1941) .
Lactic acid was measured by the method of Barker and Summerson (1941) . pH was measured with a glass electrode. Phosphorus analyses were made on trichloracetic acid filtrates of the cultures by the method of Lowery and Lopez (1946) . Since these analyses were carried out at pH 4.0, the possibility of the hydrolysis of some of the organic phosphate esters was greatly reduced. The values obtained were assumed, therefore, to represent inorganic phosphate alone.
Reducing substances (referred to as "glucose") were determined on Somogyi (1930) filtrates of the cultures by the method of Schales and Schales (1945) , and in the earlier experiments on the rate of total acid production by the organisms, Hanes' (1929) For the more detailed work on strain 69 the inocula were prepared in one of two ways. In the majority of experiments with media nos. 1 and 3, the organism was transferred from blood agar to a 125-ml Erlenmeyer flask which contained 25 ml of the respective medium (with glucose or without glucose, as will be indicated) and was incubated at 37 C for 24 hours. At that time 0.25 ml of this culture (i.e., approximately 25 to 75 X 106 cells) was used as the inoculum for 25 ml of medium. For growth experiments with the Frantz media and media nos. 2 and 4 the culture was transferred by needle from blood agar to a 125-ml Erlenmeyer flask, which contained 25 ml of the Frantz-glucose medium and was incubated at 37 C for 24 hours. This culture was used to inoculate all the other experimental flasks.
In these growth studies the media were dispensed in Erlenmeyer flasks. Most often 25 ml of the medium per 125-ml flask were used. At least triplicate flasks of any one particular medium were inoculated in as uniform a manner as possible and were incubated at 37 C. Two uninoculated flasks served as controls. At the specified time intervals all or only half of the experimental flasks were sampled.
To test the ability of the organism to grow in some of the media, determinations were made of the minimal inoculum that sufficed to initiate growth. Serial decimal dilutions of the inoculum were prepared in the conventional manner by successive transfers of 0.5 ml into 4.5 ml of the test medium contained in 6-by-jinch test tubes. The presence of growth was judged by the development of turbidity after 24 and 48 hours' incubation and was confirmed in critical tubes by subculture on blood agar.
The culture samples were checked for purity by gram-staining and also by subculturing on blood agar.
RESULTS
Acid accumulation during the growth of nine strains of Neisseria menirgtidis in medium no. 5 was found to occur more rapidly in the presence of maltose than with glucose. This differential was especially pronounced with strain 69, which in contrast to the other cultures was an old laboratory strain. It had reverted to the avirulent "stock" form described by Rake (1933) . The total amounts of acid produced from each sugar are recorded in table 2, which indicates the range of results obtained after the accumulation of acid from maltose had reached an equilibrium (from 8 to 11 days). Substitution of thrice recrystallized L-glutamic acid hydrochloride for the Eastman Kodak practical grade failed to influence the rate of acid accumulation from either sugar by strain 69. It was possible then to follow some of the metabolic changes of the culture during its growth in an environment defined by the present standards of chemical purity. In glucose cultures of strain 69 from three similar experiments all of the accumulated acid was accounted for as volatile acid whereas only from 39 to 45 per cent of that from maltose was volatile. The volatile acid was identified as acetic acid; five determinations of the partition coefficient, K1, ranged from 0.580 to 0.598 with a mean value of 0.590 compared to the value of 0.582 given by Osburn, Wood, and Werkman (1936) . Acetic acid has also been identified by Grossowicz (1945) among the metabolic products of the meningococcus. Both glucose and maltose cultures formed traces of lactic acid. Only from 1 to 4 per cent of the total amount of acid formed could be attributed to lactic acid. More than half of the acid accumulated in the maltose cultures remained unidentified. Pelczar and Doetsch (1949) also have shown that four strains of Neisseria produced a drop in pH when grown in BBL phenol red maltose broth for 7 days. In glucose broth, however, their strains increased the pH of the medium. Whereas Pelczar and Doetsch observed a decrease in the value of the reducing substances in the maltose cultures only, strain 69, described here, consumed between 37 and 32 per cent of glucose compared with 82 and 66 per cent of the maltose as measured by the method of Hanes (1929) . It became of interest to follow the growth of strain 69 over shorter time intervals so that selective phenomena of Using the highly buffered medium no. 1, growth curves of strain 69 were obtained over a period of 91 hours. Since the organism did not grow abundantly on the first transfer from blood agar to the glucose medium within the first 24 hours, it was subcultured in the no. 1 glucose broth, and the "selected" population obtained after further incubation for 24 hours was used to inoculate all the experimental flasks. Then the culture grew well in the glucose medium, indicating that the selection was successful for glucose. This selection toward glucose was not accompanied by any diminution of the ability of the organism to grow in the maltose medium (table 3) . At the termination of the experiment approximately twice as much "maltose" as "glucose" had disappeared. Furthermore, an accumulation of "keto acid" was noted only in the maltose cultures. The need for the organism to be repeatedly exposed to no. 1 glucose medium before rapid growth took place within 24 hours was established in several experiments.
Using a serial dilution method it was observed that the minimal inoculum that sufficed to initiate growth in the high-phosphate medium (no. 1 glucose) was about 104 times that required in the low-phosphate medium (no. 3 glucose). These observations provoked two questions: Was the growth-inhibitory property of the high-phosphate medium related to the presence of an inhibitory contam- Frantz, no. 2, and 1951] no. 4 media containing the recrystallized sugars in equimolar concentration (table 5) . In order to balance any possible selection by either sugar or the phosphate concentration all experimental flasks were inoculated with a 24-hour Frantz-glucose culture. The Frantz and the no. 4 cultures grew well with the characteristically rapidly falling pH of the maltose cultures. In no. 2 medium, however, very little growth was observed in the glucose flasks, but good growth was seen in the maltose flasks. As a control of the source of parent cells two different lyophile stock cultures were tested and similar findings were made. The inhibitory effect of the no. 2 medium on the growth of strain 69 was attributed, therefore, to both the presence of glucose and to the high concentration of inorganic phosphate. Uptake of inorganic phosphate, decrease of reducing substance, and change of pH during the growth of strain 69 in Frantz-glucose (0.6 per cent) and [VOL. 61 (Adler, Euler, et al., 1939; Gayet, 1948; Kearny and Singer, 1949 It is well known that some bacteria grow more abundantly in the presence of complex sugars than in the presence of their constituent simple sugars. The literature concerned with this problem has been reviewed by Wright (1936) and Dubos (1945) . Our observations on the growth of an old laboratory strain of Neisseria meningitidis presented here indicate that the differential rate of growth in the presence of maltose and glucose can be increased by a high concentration of inorganic phosphate (0.13 M) in the glucose medium, whereas the rate of growth with maltose appeared to be unaffected (table 5) . It becomes apparent, therefore, that the inhibitory effect of high concentration of inorganic phosphate probably is associated with cellular multiplication in the presence of glucose. By transferring the organism successively in glucose media containing this high concentration of phosphate a "selected" bacterial population resulted possessing the ability to multiply at a rate more nearly equal to its growth rate in the maltose medium (table 3) . Even though the rate of growth of these "selected" cultures was similar in both sugar media, their metabolic pattern appeared to show no striking differences from that of the "nonselected" cultures. For example, a greater drop in pH was observed in the maltose cultures than in the glucose cultures, an increase of "keto acid" occurred in the presence of maltose whereas it did not appear in the presence of glucose, and approximately twice as much of the total reducing substances disappeared in the maltose cultures as in the glucose cultures (table 3) . This similarity of the quantitative changes observed during [voL. 61 the growth of the "selected" and "nonselected" cultures suggests that these metabolic activities associated with either maltose or glucose utilization are not primarily related to the phenomenon of growth. Whether or not high concentrations of inorganic phosphate inhibit glucose utilization by "nonselected" cells or inhibit the utilization of the two amino acids present in the various media (L-glutamic acid and L-cystine) remains to be elucidated.
It was noted that the minimal inoculum of "nonselected" cultures that sufficed to initiate growth in glucose media containing 0.13 M inorganic phosphate was about 104 times more concentrated than that required in a low phosphate medium (0.0018 M). In addition, it was observed that an increase of inorganic phosphate from 0.0018 M to 0.018 M apparently was without effect on the minimal inoculum required to initiate growth in the presence or absence of glucose (table   4 ).
The foregoing evidence supports the hypothesis that different "metabolic pathways" are involved in the utilization of the disaccharide maltose and of its constituent monosaccharide glucose by this strain of Neisseria meningitidis. In addition, it was found that during the growth of this organism in chemically defined media all of the accumulated acid in the glucose cultures could be accounted for as volatile acid, which was identified as acetic acid. In the maltose cultures, on the other hand, only from 39 to 45 per cent of the total accumulated acid was volatile acid; the remainder was not identified. Furthermore, a decrease of the concentration of inorganic phosphate of the culture medium was found to occur only when the culture had been grown in the presence of maltose, and it was never detected in the presence of glucose (figures 1 and 2). This phenomenon appeared to be independent of the chemical purity of the maltose, of the initial concentration of inorganic phosphate, and of the history of the culture. Subsequently we shall report on a more detailed investigation of the role of inorganic phosphate in the breakdown of maltose by this organism.
In summary, the following observations have been presented on the growth of an old laboratory strain of Neisseria mentingitidis:
In partially defined media the rate of acid accumulation was greater in the presence of maltose than in the presence of glucose.
In chemically defined media all of the accumulated acid was found to be acetic acid in glucose cultures, whereas in maltose cultures only 39 to 45 per cent of the total acid was identified as acetic acid.
In either medium a relatively high concentration of inorganic phosphate retarded growth in the presence of glucose but not with maltose. By transferring the organism successively in glucose media containing this high concentration of inorganic phosphate a "selected" population resulted possessing the ability to multiply at a rate more nearly equal to its growth rate in the maltose medium.
In the maltose cultures a decrease of total reducing substances and the increase of hydrogen ions was consistently greater than in the glucose cultures.
In the maltose cultures inorganic phosphate disappeared from the medium, a change which could not be detected in the glucose cultures. 1951] 
